Abstract The question of whether any specific plant species are typically growing along railway tracks (the socalled ''railway-wandering plants'') has been discussed for many years. This study proves the existence of a form of Geranium robertianum species growing along railway tracks in North-Eastern Poland. Floristic studies have been carried out in 246 areas along railway tracks. This particular species was found in 70 studied areas (28 %). Comparative studies were carried out on 12 plant populations growing in the fieldwork and in glasshouse cultivation. Plants growing along the railway tracks in Waliły were different from all other studied populations. They were small (smaller by 31 %, max. by 57 % than other plants), with little leaf blades representing different shapes and colour. In studies of light absorption by photosynthetic apparatus (chlorophyll fluorescence) under conditions of exposure to high light intensity, the plants from Waliły were proved to have a better adaptation capacity to stress conditions. Increased levels of anthocyanins-which provided better protection of the photosynthetic apparatus against insolation-were shown. The protective properties against water deficiencies and excessive insolation were genetically preserved and were found in the second generation of plants cultivated in a glasshouse. For the first time, a new plant form of G. robertianum-a ''railway-wandering plant'' adapted to the conditions prevailing along railway tracks-was confirmed to exist. The form has developed probably after 1886, when the Białystok-Zubki railway was built, featuring the Waliły railway station.
Introduction
For many years, botanists have taken interest in plants growing almost exclusively along railway tracks. Polish authors named such species ''railway plants' ' (Kornaś et al. 1959; Zając and Zając 1969; Sendek 1973 and reference literature). It was finally concluded that such plants did not actually exist. Railway tracks are considered to be the habitat of native and invasive species, and can be compared to ''an environmental corridor'' enabling the colonization of new territories (Tikka et al. 2001) . Geranium robertianum L. is mentioned among plant species commonly growing along railway tracks in various European countries, e.g. Germany or Austria (Brandes 1993 (Brandes , 2005 Lindacher 1995; Zarzycki et al. 2002; Tofts 2004) .
In Poland, in the period between 2007 and 2008, comprehensive floristic studies were also carried out along railway tracks . The studies revealed common occurrence of G. robertianum species, covering the entire sections of railway tracks.
This prevalence of G. robertianum along tracks can be quite surprising, especially taking into consideration the habitat requirements of this particular species (Tofts 2004) . This species prefers partly shaded, nitrogen and phosphorus rich alkaline soils (pH level above 5.5) (Grime et al. 1988) . Meanwhile, completely different habitat conditions are typical along the railway tracks. Easily permeable soil consisting of crushed stones and river gravel is the reason for poor availability of water and nutritional deficits. Plants growing along railway tracks are typically exposed to strong sunlight (insolation). In addition, once every few months the plant cover is intentionally devastated by spraying of herbicides (Roundap 360). Moreover, toxic compounds such as heavy metals, PAHs, and PCBs are typically present in the railway soil (Malawska and Wiłkomirski 2001; Wiłkomirski et al. 2011) .
Thus, the question arises why is G. robertianum so commonly growing along railway tracks despite such specific, seemingly adverse habitat conditions?
The aim of the studies was to determine prevalence and habitat preferences of G. robertianum plants along railway tracks in North-Eastern Poland. The next question was how to explain the prevalence of G. robertianum along railway tracks under such unfavourable habitat conditions. Both fieldwork observations and measurements of plants cultivated in a glasshouse were carried out, with particular attention devoted to the railway track population of G. robertianum in Waliły (NE Poland). Waliły is a railway station situated along the railway Białystok-Zubki Białostockie, one of the oldest railways in Poland, opened in 1886 (www.kolej.onet.pl).
Materials and methods

Prevalence of G. robertianum along railway tracks in North-Eastern Poland
Geranium robertianum occurrence along railway tracks representing considerably different habitat conditions was determined based on fieldwork observations carried out in 246 areas, 20 m 2 each. The study was conducted along the railway tracks of North-Eastern Poland and included:
• 66 areas along operating tracks located at 11 sites.
• 180 areas along closed tracks located at 30 sites.
Locations of the sites and the arrangement of the areas within each of sites are presented in Wiłkomirski et al. (2011) .
The occurrence of G. robertianum along the tracks was analysed in terms of:
• railway track utilization (comparison of operating railway tracks and railway tracks closed at different time periods-from 1982 to 2000), • local conditions (indication whether railway tracks are surrounded by leafy forests, coniferous forests, meadows, or ruderal areas), • shading (% share of shaded area), • trampling (trampling-free, weak, relatively weak and high trampling intensity), • mechanical composition of the track ballast (2 basic types of soil: crushed stones with the prevalence of coarse fractions and fine gravel), • plant layer density (% of area covered by plants).
The habitat conditions of G. robertianum along railway tracks in North-Eastern Poland were evaluated by means of the principal component analysis (PCA). Calculations were carried out on the basis of covariance matrix, using Statistica ver. 9 (Statsoft Inc.).
Collection of study material in fieldwork
There were six localities of G. robertianum identified along railway tracks of North-Eastern Poland where G. robertianum heavily prevailed (Table 1) . Another six localities were selected from among natural habitats of G. robertianum in different parts of Poland: forests near the watercourses, humid and shady bushes, insolated ravine screes ( Fig. 1 ; Table 1 ). Observations and measurements were taken during three vegetative seasons (2007) (2008) (2009) (2010) at 12 localities ( Fig. 1; Table 1 ), where herbarium specimens of the plants as well as 10 largest leaves from 20 plants from each of the sites were collected. The leaf surfaces were measured and the colour and morphological structure of fruits were compared. Seeds from all 12 localities were collected for experimental purpose to be cultivated in a glasshouse. At each site, seeds were collected from more than 50 plants.
Soil studies
Soil specimens were collected from six localities along railway tracks according to the previously reported methodology Galera et al. 2011) . Soil samples were collected at each locality, three samples were collected between the tracks and three were collected at the outer sides of railway tracks (at roughly 70 cm distance from the tracks). In total, six soil samples were collected at each locality at the depth of 0-20 cm. Samples were subsequently mixed together and analysed in six duplicates. The soil samples were sieved with sieves of 1 and 0.25 mm mesh size. Comparative soil samples were collected in the area surrounding the railway tracks-at a distance of approximately 20-100 m (reference site). Soil was analysed with the use of standard methods. Acidity was tested with a pH meter. For this purpose, 10 g of soil was mixed with 25 cm 3 of water or 1M KCl. The measurements were taken after 24 h (standard procedure). Nitrogen content in the soil was analysed using the Kiejdahl's method. A weighed amount of 5 g of soil was mineralized and analysed in a Kiejdahl's apparatus. Concentration of phosphorus bioavailability was tested using the Egnar's method in Rhiem's modification (spectrophotometry). Exchangeable cations concentration (Ca, K, Mg, Na) was tested after the extraction of 5 g of soil with 0.1 M ammonium acetate solution (24 h) with an ASA method ).
Glasshouse cultivation
Plants grown from seeds collected at 12 localities (Table 1) were cultivated in a glasshouse, in horticultural soil during the period of 6 months (January-June). In periods of low light availability, irradiation of plants was applied (light T localities on the railway tracks, N natural localities Fig. 1 Map of Poland with locality numbers of Geranium robertianum (no. 1-12)-locality description presented in Table 1 Geranium robertianum L., ''railway-wandering plant '' 975 intensity: 120 lmol m 2 s -1 , photoperiod: 16:8, temperature: 22 ± 3°C). The experiment was repeated three times, each time the plant cultivation was carried out from seeds collected on field. Preliminary studies have shown that the seeds collected in the field were infected, which hampered their germination. For this reason, they require sterilization.
Prior to planting, the seeds (100-120 from each population) were sterilized in 70 % ethanol for 1 min, rinsed with water, and in Clorox (50 %) for 4 min and 109 rinsed with water. The seeds were put in water for 24 h (imbibition period) and were seeded into Petri dishes covered with a filter paper (30 seeds in each dish). After sprouting (approx. 2 weeks), seedlings were transferred to flower pots with horticultural substrates. After 5 months of cultivation, the plants reached the peak vegetative phase. After next 3 months, the plants entered the rest phase. None of the cultivated plans burst into blossom in the first year of cultivation. Only some plants reached the generative phase in the next year.
Approximately 30 (20-40) plants of each population were cultivated in the afore-mentioned method. During three consecutive years, about 500 plants were cultivated in total.
Plant morphology
After 5 months of cultivation, the following measurements of each plant were carried out: number of leaves, surface area of the largest leaves (10 leaves) and the length of petioles. The leaf surface was measured with Winfolia software (WinFolia 2007b For Leaf Analysis, Regent Instruments INC). Manually transverse sections of leaves and petioles were analysed with the use of light and stereoscopic microscopes. Thirty plants per population were examined in this manner.
Seed sprouting
Seed viability was analysed with a standard TTC method (tetrazolium test). Mericarps swollen in water were incubated in 1 % solution of 2,3,5-triphenyltetrazoline (TTC) for 48 h at 30°C. Seed sections (in mericarps) were analysed under a stereoscopic microscope. The red colour of embryo tissues confirmed high seed viability, whereas discoloured embryos were found dead.
Seed germination was tested with standard methods (Wierzbicka and Obidzińska 1998) . For this purpose, sterilized seeds were placed on Petri dishes, on wet filter paper; 150 (3 9 50) seeds per population. The number of germinated seeds was determined for a period of 2 weeks.
The amount of anthocyanins
Measuring the amount of anthocyanins in leaves was carried out in vivo in two selected populations of plantsWaliły (railway track population) and Zajezierce (natural population).
These populations characterized with major morphological differences, including differences in the colour of the leaves. Plants were grown for 3 months in the greenhouse-10 plants in each population. Determining the amount of anthocyanins was performed using the modified method of Fuleki and Francis (1968) . 0.5 g of middle-aged leaves of each plant was homogenized in 4 ml of methanol acidified with HCl (1 %) and left for 4 h at 4°C. Samples were centrifuged for 30 min and the absorbance was measured at a wavelength of k = 530 nm and k = 657 nm.
Chlorophyll a fluorescence in vivo Plant physiological state was analysed on the basis of fluorescence parameters determination (Romanowska 1999; Kalaji and Łoboda 2009) . Chlorophyll a fluorescence was measured in vivo in the selected two plant populations from Waliły (railway population) and Zajezierce (natural population). Plants of both populations (five plants in each) were cultivated for 6 months in a glasshouse at a low level of light intensity (120 lmol m 2 s -1 , temperature 22°C). Fluorescence was measured in five leaves per plant (middle-aged leaves were selected) with a fluorometer-Fluorescence Monitoring System (Hansatech). The leaves were adapted to lack of light for 15 min. Chlorophyll a fluorescence was tested under the following conditions: Chlorophyll fluorescence capacity coefficients: Fv/Fm, qp (photochemical quenching of fluorescence) and NPQ (non-photochemical quenching of fluorescence) were measured according to Gently et al. (1989) .
After all measurements were completed, the same plants were irradiated under high light intensity (1,200 lmol m 2 s -1 , temperature 28°C) for 7 days. Chlorophyll a fluorescence was measured on the leaves of all plants according to the same procedure. In total, 50 leaves were analysed.
Statistical analysis
The significance of measurement results was tested by a univariate analysis of variance (ANOVA), with a post hoc Tukey's test (for p = 0.05). XL Stat software by Addinsoft was used for calculations.
Results
Occurrence of G. robertianum along railway tracks in North-Eastern Poland
During floristic observations carried out in 246 research areas, G. robertianum was found in 70 areas, comprising 28 % of all studied areas. This species was present at sites representing varied characteristics:
• railway track utilization (intensively and extensively operating railway tracks and railway tracks closed in different time periods-from 1993 to 2000), • local conditions (whether railway tracks are surrounded by leafy forests, coniferous forests, meadows, or ruderal areas), • shading (0-80 % share of shaded area), • trampling (G. robertianum occurred along trampling-free tracks and tracks exposed to high trampling intensity), • track ballast (crushed stones with the prevalence of coarse fractions and fine gravel), • plant layer density (10-90 % share of area covered by plants).
Based on the results of PCA analysis, no correlations were shown between the prevalence of G. robertianum and all of the analysed characteristics. The populations of G. robertianum prevailing at the studied areas were highly diversified in terms of the environmental conditions along railway tracks.
Biometric characteristics of G. robertianum-fieldwork Geranium robertianum plants field studied differed by size, habit and leaf colour, depending on specific habitat (Figs. 2, 3) . As a rule, the plants at insolated positions were small with red leaves (Fig. 4) . Along railway tracks, specimens of G. robertianum prevailed in clusters, and the plant habit was different (Fig. 2) from that of plants at natural localities (Fig. 3) .
Leaf size
To characterize the field plants, the largest leaf surface was measured (Fig. 4) . The leaves of plants growing along railway tracks localities were typically smaller than those of plants growing at natural localities (10.1 and 16.0 cm 2 on average, respectively).
Significant differences were also found among the plants growing along railway tracks (Fig. 4) . The smallest leaves were developed in plants from Hajnówka and Waliły localities (3.9 and 5.3 cm 2 , respectively) and the largestin plants from Białystok Fabryczny (18.2 cm 2 ). The leaf area could differ by as much as fivefold.
Mericarps
Mericarps were found to be of the same size at all studied localities and had the corrugated surface ( Fig. 5a-f ). Differences were shown only in the colour of mericarps. Mericarps in Waliły were red-brown (Fig. 5a-c) , whereas the mericarps of all other plants were dark brown ( Fig. 5d-f ). Geranium robertianum L., ''railway-wandering plant '' 977 Chemical composition of the railway track ballast (soil)
As G. robertianum shows high demand with regard to pH and soil fertility, chemical soil composition at the railway tracks localities was tested. For the comparison, chemical composition of soil from the vicinity of railway tracksreference site-was also analysed (Table 2) . It was revealed that the pH level of the track soil was balanced and alkaline in all studied railway track sections within the range of 7.37-7.80 (7.65 on average). Similar pH results were obtained in measurements with KCl. In this case, pH of the soil was within the range of 6.98-7.57 (7.32 on average). pH levels of the surrounding soil were lower: 7.43 and 6.89 (with KCl) on average ( Table 2) .
The concentration of all studied chemical elements in railway track soil was similar or higher compared with the surrounding soil (reference site). The level of nitrogen in track soil was relatively high, 0.312 % on average, as compared to 0.284 % in the surrounding soil (reference site). Along railway tracks, the total level of phosphorus was 30.5 mg/100 g on average, and 16.4 mg/100 g in the surrounding soil. The average concentration of sodium was 2.5 mg/100 g and 1.3 mg/100 g along railway tracks in the surrounding soil (reference site). Similarly, the concentration of potassium was 11.3 mg/100 g and 6.4 mg/100 g, respectively, the concentration of magnesium-13.2 mg/100 g and 9.3 mg/100 g, respectively, the concentration of calcium-411 mg/100 g and 249 mg/100 g, respectively (Table 2) .
Obtained results indicate that in all studied localities, pH level of the soil was slightly alkaline and nutritional conditions were most often better than in the surrounding soil.
Biometric characteristics of the plants cultivated in a glasshouse
Further studies were carried out to examine if the differences between plants from different localities can be attributed only to different habitat conditions, or if they were genetically preserved. For this purpose, the first generation of plants from 12 localities (further called populations) was cultivated in parallel, under similar glasshouse conditions. Plants from Waliły stood out among all the studied populations. They were the smallest and characterized with red leaves.
30-50 % of seeds from different populations germinated during 14 days. The plants were analysed with a tetrazolium method; some of the germs were dead and, therefore, unable to sprout.
Leaf blade shape and colour
The leaves of G. robertianum plants have palmatisect leaf blade (Fig. 6) . However, the shape of plants from the Waliły railway tracks differed significantly from the other studied populations: the leaves were small, clearly cut-out, of narrow stipules, whereas the leaves of plants of the remaining (Fig. 6) .
Another characteristic typical for the plants from Waliły railway track population as compared to all other plants was the colour of the leaf blade. On the dorsal side (upper), all the leaves of plants from the Waliły population were dark green with purple colour, whereas the leaves of all remaining plants were green or light green. However, underneath, all leaves of plants growing along track populations, including the leaves of Waliły plants, were purple. The leaves of natural plant populations were most often green underneath (Fig. 6) .
The red colour of the underside of Waliły population leaves resulted from red dyeing of epidermal or parenchyma cells of leaf underside (anthocyanins), which was confirmed by transverse sections of the leaves observed under light microscope.
The comparative culture of different plant populations of G. robertianum was repeated three times, for three consecutive years. Each time, the plants from the Waliły railway tracks were distinguishably small, represented a different shape and leaf colour and a quite uniform morphology of all individuals in the population.
The amount of anthocyanins
Using the method of Fuleki and Francis (1968) , the amount of anthocyanins was examined in leaves of both populations of G. robertianum. It was found that the average concentration of anthocyanins in leaves from population from Waliły was 379 (±18.7) lg/g fresh weight, while in the population from Zajezierce only 82 (±9) lg/g fresh weight.
These results demonstrate that the difference in colour between the leaves from two populations was caused by more than fourfold higher levels of anthocyanins in the leaves of plants from Waliły population compared to the population of Zajeciere.
Assimilation surface of the plants
Among all populations of plants cultivated in glasshouse and examined after reaching the complete vegetative development level, a small size was observed in the Waliły railway track population. A single leaf surface of this particular population was 25.14 cm 2 on average, while the average leaf surface of all other populations was 38.82 cm 2 . The average difference of 35.3 % (max. 45.2 %) in the leaf blade surface between the Waliły population and of all other populations was statistically significant. The biggest leaves (an average surface of 45.9 cm 2 ) were found in plants from the Hajnówka railway population. However, no statistically significant differences were found between the remaining populations of the plants. Geranium robertianum L., ''railway-wandering plant'' 979
The number of leaves per plant in particular populations was 33 on average (from 28 to 38) and no significant differences were found between the studied populations. Based on the average surface of the leaf blade surface and the number of leaves in each population, the assimilation surface of the plants has been calculated (Fig. 7) . Of all studied populations, the Waliły railway track population again distinguished itself with the smallest assimilation surface per plant-867 cm 2 -on average (a statistically significant difference compared to other populations). The assimilation surface of the remaining plant populations (both from the railroad and natural) was from 1,035 cm 2 on average (the Pieniny National Park) up to 1,526 cm 2 (Zajezierce population).
The assimilation surface of all leaves per plant from the Waliły population was smaller by 31 % on average than in all other populations (max. difference was 57 %-with the Zajezierce population).
The average length of petiole was 18.5 cm and was similar in all studied plants (from 15.0 cm to 21.4 cm, and in the Waliły population-16.7 cm on average).
The plants cultivated in a glasshouse and obtained from seeds collected at railroad localities in Waliły differed significantly from all other plants. The Waliły population plants were distinguished by a smaller size and the smallest assimilation surface of plants. The characteristic feature of this population was a very small intra-population variability of the plants. All cultivated plants were almost identical in terms of morphological traits.
The comparison of physiological conditions of populations from railways and natural habitats based on chlorophyll a fluorescence parameters Physiological condition of plants originating from two most different populations-from Waliły (a railway population) and Zajezierce (natural population)-was analysed. The examined plants were cultivated for 6 months under low light intensity (120 lM m 2 s -1 , temperature 22°C), and then exposed to high light intensity for 7 days (1,200 lM m 2 s -1 , temperature 28°C). Chlorophyll a fluorescence parameters were subsequently measured and analysed (Table 3, Figs. 8, 9, 10, 11 ).
Low light intensity
There were no differences found between Waliły populations (growing along railway tracks) and Zajezierce population (natural population) grown under low light intensity (Table 3 ). The average level of minimal fluorescence (F 0 ) was similar in both populations: 328 (±45) (Waliły) and 377 (±23) (Zajezierce). The Fv/Fm ratio reflects maximum quantum efficiency of photosystem II (PSII) of leaves adapted to the dark. The coefficient was similar in both populations with the value of 0.826 in Waliły population and 0.821 in Zajezierce population. The above coefficient values reflect high photochemical yield of photosystem II (Table 3) . Figure 8 shows photochemical quenching of fluorescence (qp) as a coefficient of the amount of energy consumed in photochemical reactions. The level of photochemical quenching was similar in both populations. NPQ coefficient (Fig. 9) indicating a non-photochemical quenching of energy was similar in both studied plant populations.
Energy consumption in photochemical reactions was identified on the basis of in vivo measurements of Fig. 7 The surface of a single Geranium robertianum plant collected at a natural locality and at railway tracks-after 5 months of glasshouse cultivation: PPN Pieniny National Park, LŁ Forestry Łuknajno, POW Powsin, ZAJ Zajezierze, WAL Waliły railway station, HAJ Hajnówka closed track, IŁA Iława railway siding, CIS Cisówka dyke, HZ Hajnówka switch. Asterisk statistically significant difference The photosynthetic apparatus of all studied plants (growing along railway track and in natural populations) cultivated in low light intensity (120 lmol m 2 s -1 ) were shown to have ability to efficiently use the light. This is a measure of the good physiological condition of plants from both studied populations and of absence of differences between both populations.
High light intensity
To investigate the reactions of both plant populations (Waliły railway track population, and Zajezierce natural population) to light stress, the plants were exposed to high light intensity for the period of 7 days (1,200 lmol m 2 s -1 ). Fluorescence of chlorophyll a parameters was different in both plant populations (Table 3 ; Figs. 10, 11 ). Under conditions of light stress, the plants representing the Waliły population maintained good fluorescence parameters compared to those under conditions of low light intensity (Table 3) . Basic fluorescence (F 0 ) was 409 (±11) on average. The Fv/Fm coefficient (PSII yield) was 0.731, which indicates a slight reduction of photochemical efficiency of photosystem II (PSII).
However, these parameters differed diametrically in plants from Zajezierce (natural population). Minimal fluorescence (F 0 ) was 1,045(±74). (Fm) was 1,433(±303), and the Fv/Fm coefficient was only 0.257(±0.10) ( Table 3 ). These are very strong indicators of damage of PSII. This indicates a very weak photochemical efficiency of photosystem II in natural plant population (Zajezierce). Photochemical quenching of fluorescence (qp) shown in Fig. 10 indicates decreased efficacy of the photochemical reactions in plants from Zajezierce (natural population) compared to plants from Waliły (population growing along railway tracks). Also, NPQ coefficient was significantly lower in natural plant population (Zajezierce), which reflects a very weak yield of non-photochemical quenching in these plants (Fig. 11) .
The above results indicate significant differences between response to light stress in the two populations of G. robertianum.
The experiments were carried out on the second generation of plants cultivated for 6 months under the same conditions in glasshouse. The Waliły plants revealed (inherited) adaptations to stressful environmental conditions and were shown to be better adapted to excessive light, characteristic of such localities, as compared to the natural plant population from Zajezierce.
Discussion
As a result of this study, G. robertianum was shown to quite frequently grow along railway tracks in Poland (28 %). Interestingly, G. robertianum was found to grow in different habitat conditions, which may indicate surprisingly high ecological amplitude of the species and/or a significant differentiation of the studied populations in terms of habitat requirements.
The question arises why G. robertianum is able to grow along operating railway tracks in clearly unfavourable conditions (see the ''Introduction''). The answer to this question was investigated in this study.
Adaptation or acclimations
It is commonly known that plants are capable to adjust to stress conditions by acclimation (non-hereditary changes resulting from phenotype plasticity) or adaptation (hereditary changes).
The habit of G. robertianum plants growing along operating or recently closed railway tracks in North-Eastern Poland differed from the habit of plants growing under natural conditions. Plants growing along railway tracks were most often of small size, with leaves even five times smaller than those of plants from natural habitats. Since conditions along railway tracks are generally unfavourable for plant growth, the plants are of smaller size as a result of the acclimation process so that they are able to maintain water balance. This assumption was confirmed in some cases-the leaves of plants from Hajnówka growing along a closed track were the smallest among all studied plants (3.9 cm 2 on average). The leaves of the next generation of plants cultivated in favourable glasshouse conditions were as large as 45.9 cm 2 . They were the largest of all studied leaves. In this case, acclimation process took place.
On the other hand, G. robertianum plants from Waliły represented a much more complex case. The leaves of Waliły plants were small as well (5.3 cm 2 ). However, the leaves of the second generation of plants cultivation in favourable glasshouse conditions were still the smallest among all plants cultivated in glasshouse. The average surface of the leaves was 25.14 cm 2 and was by 35.3 % (max. 45.2 %) smaller than in case of other plants.
Therefore, the smaller size of G. robertianum plants from Waliły railway track can be explained by two reasons: unfavourable conditions along the tracks (acclimation process) and a genetically preserved characteristic (adaptation processes). This was confirmed in G. robertianum plants cultivated under favourable glasshouse conditions, which remained the smallest in the three consecutive years of cultivation.
The correlations between differences of plant size and leaf shape and habitat conditions of many plant species were investigated in numerous studies (Briggs and Walters 1997) , including Geranium sanguineum (Lewis 1969) . However, no such observations were carried out in anthropogenic habitats along railway tracks.
Soil pH level
In natural conditions, G. robertianum grows in neutral or alkaline soil. It appeared obvious that railway tracks leading across a variety of localities will also represent different pH levels. However, it was shown that soil pH levels were similar and equalled 7.65 on average. The alkaline soil was favourable for G. robertianum growth. The alkalinity of soil under railway tracks can be possibly explained by the alkalinity of the railway track ballast (crushed stones)-the results obtained for numerous railway track sections were very similar ).
Soil fertility
Soil fertility is perhaps another factor which could limit the occurrence of G. robertianum along railway tracks. This species requires a fertile soil and usually occurs in nitrogen and phosphorus-rich soil.
The concentration of nitrogen, phosphorus and other elements (Ca, K, Mg, Na) in the soil under railway tracks was examined in this study. Note that the soil was mixed with the crushed stones of railway embankment. The soil was particularly scarce under operating railway tracks. However, the soil was rich in nitrogen in all studied localities. Nitrogen concentration (approx. 0.3 %) was as high as in other fertile soils in Poland (brown and black soils) (Lityński 1982) . As compared to the surrounding soils, the concentration of nutritional elements in the railway soil was comparable or higher, which reflects favourable nutritional conditions for plants. High concentration of nitrogen and other elements in the railway track soil can be explained by passenger traffic, with faecal matter removed from railway coaches directly to the railway tracks.
Thus, soil fertility contributes to the growth of G. robertianum along railway tracks instead of limiting it.
Water deficit
In natural localities, G. robertianum prevails in shady and semi-shady forests where water is abundant. Therefore, water deficit, which probably occurs along railway tracks, would appear to prevent the species from growing along railway tracks.
In the present study, plant leaves growing along railway tracks were smaller by approximately 40 % than those from the natural habitats. This was probably caused by hard habitat conditions related to water deficit along the tracks. Small leaves reduce assimilation area hence it is easier to keep the water balance (acclimation processes).
However, water deficit along the tracks was an equally powerful selective factor. In one of the studied populations, G. robertianum plants were still distinguished by small leaf assimilation surface. Under beneficial water and soil conditions (glasshouse cultivation), the leaves of plants growing along the Waliły railway tracks were smaller, with limited assimilation surface as compared to all other plants (difference by 31 %, max. 57 %).
Thus, through selection a new form of G. robertianum developed in Waliły, which is better adapted to maintain economical water balance. This characteristic was shown to be hereditary.
Excessive exposure to light
In natural localities, G. robertianum typically grow under conditions of partial shading, and the excessive insolation in exposed sections of railway tracks should limit the propagation of this species along railway tracks. Excessive light intensity may inhibit photosynthesis. Photosynthesis efficiency is correlated with chlorophyll a fluorescence (Romanowska 1999; Kalaji and Łoboda 2009) . Fluorescence parameters reflect the physiological condition of plants. Chlorophyll a fluorescence reveals stress conditions and stress tolerance of the plants Dro_ zak and Romanowska 2006) .
During the course of this study, chlorophyll a fluorescence parameters were analysed for G. robertianum cultivated under conditions of low light intensity-120 lmol m 2 s -1 , i.e. under intensity corresponding to conditions prevailing in partly shaded forest. A very good light utilization by photosynthetic apparatus was observed in all studied plants.
However, after exposure to stress, i.e. high light intensity-1,200 lmol m 2 s -1 , differences were observed in the response of different populations. A significant damage of photosynthetic apparatus was shown in G. robertianum plants from natural populations (Zajezierce). On the other hand, the photosynthetic apparatus of G. robertianum plants from the railway track population (Waliły) still maintained its high performance. Thus, track population of plants from Waliły has got genetically preserved characteristic (adaptation), which finally protects photosynthetic apparatus from light intensity (insolation).
To adapt to high light intensity, plants produce high levels of anthocyanins in leaves (Romanowska 1999) . Anthocyanins are secondary metabolites (flavonoids). They are collected in vacuoles of the plant cells and colour the leaves red. They can absorb light and are believed to protect the plants from UV radiation (Grime et al. 2004) .
The leaves of G. robertianum plants typically become red under conditions of excessive light. In on-site studies, G. robertianum plants of intensive red colour were observed-both along railway tracks (Fig. 2) and under natural conditions, e.g. at screes in the Pieniny National Park (Fig. 3) . This characteristic feature was also described by other authors (e.g. Tofts 2004 ). However, in the present studies, the leaves of Waliły plant population were unusually red. Thus, the Waliły railway track population having four times more anthocyanins in the leaves was additionally protected from excessive light as compared to the natural plant population (Zajezierce).
Hence, excessive insolation along railway tracks can influence G. robertianum growth along railway tracks. Our research shows that a new plant form (the lowest taxonomic rank used for plants) has developed along the railway tracks, having genetically preserved increased anthocyanins levels in the leaves to protect the photosynthetic apparatus against excessive light. This particular feature is hereditary and has been developed in an adaptation processes.
This paper discusses the question of how is it possible for G. robertianum to successfully grow in unfavourable conditions along the railway tracks.
In this study, it was shown that a number of conditions typically occurring along the tracks are in fact favourable for the growth of G. robertianum, in particular: soil pH level and its fertility. However, two factors probably inhibit the growth of G. robertianum: water deficit and excessive light intensity (insolation).
These two factors have apparently led to micro-evolution processes and a new form of G. robertianum plant has developed in Waliły-''a railway-wandering form'', welladapted to growth conditions observed along the railway tracks and distinguished by:
• Small size and the smallest assimilation surface (by 31 %).
• Different leaf habit-small stipules.
• Leaf colour-more purple (4 times higher level of anthocyanins) • Seed split colour-red.
The question of whether any specific plant species are typically growing along railway tracks (''railway-wandering plants'') and not occurring anywhere else has been discussed in the studies for many years (Zając and Zając 1969; Brandes 2005; Büscher et al. 2008 ). It appears, however, that such species are extremely difficult to identify. The majority of species growing along railway tracks subsequently populate ruderal habitats of different types.
The present study reveals for the first time the development of a typical ''railway-wandering plant'' formed in a micro-evolution process. A new plant form of G. robertianum was identified along the railway track in Waliły, which was perfectly adapted to railway conditions. The railway line in Waliły has existed for 130 years, which was sufficient for the new plant to adapt to the anthropogenic habitat. The ''form'' is the lowest taxonomic rank used for plants. The formation of new plant forms in anthropogenic habitats has been also discussed with reference to areas heavily polluted with heavy metals, such as zinc-lead dumps (e.g. Przedpełska and Wierzbicka 2007; Olko et al. 2008; Wierzbicka and Panufnik 1998; Załęcka and Wierzbicka 2002; Wierzbicka and Pielichowska 2003) , which has been recently confirmed in genetic studies (Abratowska et al. 2012) .
